Tuned mass damper (TMD) has been used for the vibration controller of building, especially for high rise buildings. TMD is one of the passive devices for reducing the response of the structure subjected to dynamic external disturbance such as wind, or earthquake load. TMD used its weight for reducing the vibration, TMD's frequency is set to the structure's frequency so that the frequency should be in resonance to each other for reducing the response of the structure during the dynamic load. Therefore, three variables have a significant effect for TMD performance, which are the mass ratio of TMD, the frequency ratio of TMD, and the damping ratio of TMD, which lead to two important variables of TMD properties, stiffness, and damping of TMD. This paper developed an empirical equation for obtaining the optimum parameters of tuned mass damper based on the H2 norm control system and fast multi swarm optimization (FMSO). The objective function was to minimize the acceleration and displacement response of the structure. The result shows a strong correlation both the mass ratio of TMD to the frequency ratio of TMD and the mass ratio of TMD to the damping ratio of TMD.
Introduction
In a few decades, TMD has been adopted in structural building, especially in high rise (tall) building, for vibration controller. The role of TMD is to reduce the dynamic response of building during dynamic loadings, such as wind load or earthquake load. The dynamic response can be interpreted as displacement response, velocity, or acceleration response. With TMD, the peak of the dynamic response can be reduced. But, for obtaining the optimum result, three variables of TMD must be considered appropriate to obtain the optimum stiffness and damping of TMD (kd and cd). Therefore, it is important to develop a computational procedure for determining the optimum parameters of TMD [1] [2] [3] [4] . One of the techniques that have a good result for the optimization problem is Fast Multi Swarm Optimization (FMSO). In this paper, FMSO was applied for determining the optimum parameters of TMD via the H2 norm control system. In this paper, the TMD was applied to a building that has a short natural period. El-Centro 1940 NS accelerogram was chosen to be the ground motion acceleration for simulating the response of the structure with and without TMD.
Equation of motion of structure with TMD
In general, the equation of motions of building with TMD are as follows: (2) Where, M, C, and K are a mass matrix, damping matrix, and stiffness matrix respectively, X is displacement vector, es is motion vector relative to the structure, g ..
x is ground acceleration. "o" and "p" subscripts refer to structure without TMD and with TMD. Equation (2) can also be written as statespace equation as follows [5] , 
with the output of equation (4) can be obtained with equation (5),
(5) Where, Cz is the output matrix, which is either displacement or velocity or acceleration or combination of these three responses for determining the output vector, z. The objective function used in this paper was to minimize the displacement and acceleration response of the structure, and the H2 norm has been used for the control system. Hence, equation (3) can be rewritten as [6] :
where J is performance index, tr is a summation of the diagonal value of matrix, Lc is controllability Grampians.
Fast multi swarm optimization (FMSO)
Fast multi swarm optimization is one of the techniques that have a good result for the optimization process. Fast multi swarm optimization is derived from particle swarm optimization (PSO), which was first proposed [7] . The theory of particle swarm optimization is based on the behavior of insects or birds swarm. Following the study, social behavior consists of individual action and the influence of other individuals within a group. For example, a bird in a flock of birds. Any individual or particle behaves in a distributed manner by using its intelligence and also will influence the behavior of the collective group. Thus, if one particle or a bird finding his way or short to get to the food source, the rest of the group will also be able to immediately follow that path; although they are far from the location of the group. The basic equation of particle swarm optimization used to update the position and location of the particle is:
where: vi,j (t+1) is updated velocity of particle, xi,j (t+1) is updated location of particle, t represents the iteration-t, pbest,i,j is local best location of particle at t-iteration, gbest,i,j is global best location of particle at t-iteration. R1 and R2 are random number from interval 0-1, c1 and c2 are particle acceleration constants, in this paper, c1 = c2 = 2, and w is positive inertia weight coefficient which is a function min and max as follow:
(12) In PSO, each particle shares the information with its neighbors. PSO combines the cognition component of each particle with the social component of all the particles in a group. Although the speed of convergence is usually very fast, once PSO traps into local optimum, it is difficult to jump out of that condition. Therefore, the addition of a mutation operator to PSO will enhance its global search capacity, and thus improve its performance. In order to prevent falling to a local optimum, a new technique using a combination of Cauchy mutation and crossover operation which is called fast multi swarm optimization (FMSO) was introduced [8] . Multiple swarm's ideas are very useful for speeding up the search, which is similar to the distributed genetic algorithm [9] . In this case. the new information of exchanging and sharing mechanisms of FMSO makes it converge fast to the global optimum. Whenever the particle converges, it will "fly" to the particular best position and the global best particle's position. This mechanism makes the speed of convergence of PSO is very fast. Meanwhile, because of this mechanism, PSO cannot guarantee to find the global optimum value of the function. In fact, the particles are usually converged to local optima. Without loss of generality, only function minimization is discussed here. Once the particles trap into a local optimum, i.e., when pbest,i,j can be assumed to be the same as gbest,i,j, all the particles converge to gbest,i,j. At this condition, the velocity's update equation becomes:
When the iteration in the equation (13) goes to infinity, the velocity of the particle vi,j will be closed to 0 because of 0≤ ω <1. After that, the position of the particle xi,j will not change, so that PSO has no capability of jumping out of the local optimum. It is the reason that PSO often fails on finding the global minimum value. To overcome the weakness of PSO discussed in the middle of this section, the Cauchy mutation is incorporated into PSO algorithm. The basic idea is that the velocity and position of a particle are updated not only according to equation (10) and (11) but also according to Cauchy mutation as follows:
where i and  denotes Cauchy random numbers.
Since the expectation of Cauchy distribution does not exist, the variance of Cauchy distribution is infinite so that Cauchy mutation could make a particle have a long jump. By adding the update equation (14), PSO greatly increases the probability of escaping from the local optimum. For crossover operation, for rand () < qc the crossover operation is taken as follows:
where  is a random number with 0-1 interval, and qc is crossover rate. 
Application
Consider the one-story frame with shear building assumption as shown in figure 1 . Otherwise, table 1 shows five variations of structural stiffness with fixed mass to be used. TMD was applied to this structure to minimize the peak displacement and peak acceleration response using the H2 norm control system and FMSO. In order to develop an empirical equation for determining the optimum parameters, the relationship between three variables has been considered. The optimization parameters of FMSO can be seen in table 2. Mass ratio was taken as 1.2%, 1.8%, 2.6%, 3.4%, and 4.2% from mass of structure. The result will be compared to see the behavior of TMD with different mass ratios and to obtain the relationship between the mass ratio to frequency ratio and mass ratio to damping ratio. Figure 2 shows decreasing of fitness of each iteration for 1.8% of mass ratio for minimization of peak displacement; while figure 3 shows the minimization of peak acceleration using the H2 norm control function. The consistency of the result can also be seen in this simulation. There is no different result although in each run lower and upper bound were used. Therefore, the result is convergent. Natural frequencies of structure with certain stiffness without and with TMD can be seen in table 4 until table 8. As shown in table 4 until  table 8 , increasing of mass ratio leads to decreasing of the natural frequency of structure with TMD for all cases of stiffness variations and for all objective functions. Figure 2 . Decreasing of fitness each iteration with 1.8% of mass ratio (objective function: minimization of peak displacement). Tables 9 and 10 show peak displacement and peak acceleration results of the structure subjected to El-Centro 1940 NS accelerogram, respectively using time history analysis in order to minimize the displacement and acceleration response of the structure. Table 9 . Peak displacement of the structure without and with TMD subjected to El Centro 1940-NS.
Mass Ratio
Peak Displacement (m) Based on the result, the peak displacement and peak acceleration decreased significantly when TMD is applied. It should be noted that there needs to be a further review of the maximum mass ratio that potentially increase the total mass of the building. Another variable that must be considered further is building that has a long period, because this paper only considered building with short natural periods. Due to space limitation, only the displacement response versus time graph of case 1 is shown ( figure 4) . Empirical equations were developed for determining the damping ratio and frequency ratio of TMD in order to obtain the optimum stiffness and optimum damping of TMD. In this case, power regression was used for developing the empirical equation. Figure 5 shows the relationship between the mass ratio vs damping ratio of TMD. The correlation coefficient was obtained equal to 1, which means that there is a strong correlation between the mass ratio and the damping ratio of TMD. While in figure 6 , two equations were presented for the relationships of mass ratio and frequency ratio. One formula is for the case of acceleration minimization, and another one is for the case of displacement minimization. Second-order polynomials were chosen for each case. It is also noted here that the correlation coefficients for these cases were also equated to 1, which show strong correlations between variables. 
Conclusion
One story fixed mass building with various building's stiffness is considered. From the result, it is found that the building that used TMD has a better result compared to building without TMD in response to dynamic loadings. Empirical equations have been developed for determining the optimum parameters (stiffness and damping) of TMD. One empirical equation for obtaining the damping ratio of TMD (d=0. 0.4921 ), while two empirical equations were developed for obtaining the frequency ratio of TMD. For the case of minimizing the peak displacement of the structure the equation is =2.83 2 -1.482+, while for the case of minimizing of peak acceleration of structure we ICCEE 2019 IOP Conf. Series: Earth and Environmental Science 419 (2020) 012127 IOP Publishing doi:10.1088/1755-1315/419/1/012127 11 obtain opt=1.0183 2 -0.7947+ It should be noted that the structures that considered in this paper were structures with short natural periods; therefore, further review is needed for building structures with have long natural periods.
